From the knowledge of piezoelectric material tensoffal components one can, by the finite element method, calculate the electrical impedance versus frequency and simulate the mechanical deformation of piezoelectric bars. Here, the simulation results obtained with lead zirconate-titanate and lead titanate ceramics are reported. In order to check the validity of the simulation, interferemetric measurements of the mechanical deformation amplitude were performed. It is shown that these measurements are able to reveal the inhomogeneity of the materials under study and that a small error in the tensoffal parameter absolute values leads to an inconsistent picture of simulated mechanical deformation. 
not provide the absolute values of either the estimated displacement amplitudes or the measured ones. Furthermore, in some cases a polymer film was stacked at the front of the transducer in order to increase the reflectivity for interferemetric measurements; hence, the authors might bias the measured values of the transducer front plane displacements.
We have simulated the vibrations of two parallelepipedic transducers with identical geometrical shapes but made from two different piezoelectric materials. Both are commercially available under the following designations: PXE-5 (Philips), a commonly used lead zirconate-titanate piezoceramic, and C-24 (Toshiba), a lead titanate piezoceramic with a modified composition leading to a strong electromechanical anistropy that enhances pure compressional thickness mode. 4 The simulation has been performed using a finite element method software package extended to the calculation of the state of vibration of piezoelectric structuresfi The calculated results have been compared with the direct measurements of the mechanical displacement amplitude by means of a laser interferometer. 7
After a brief description of the interferometer setup, we shall describe shortly the principle of the simulation. The results obtained by interferometry and simulation will be presented in Sec. III and discussed in Sec. IV.
I. OPTICAL SETUP DESCRIPTION
The description of the heterodyne interferometer operation is aided by reference to Fig. 1 . A coherent beam from an He-Ne laser passes through an acoustic cell driven at a frequency f• = to•/2rr = 70 MHz, which is much higher than any expected motion frequency of the transducer under study. The acoustic cell acts as a phase grating and gives rise to diffracted beams. The direct beam frequency is unshifted while the frequency of the first-order diffracted beam is shifted by an amountf•. Hereafter, the intensities of the reference and target beams will be called Ia and It, respectively. If the target displacement from its average position is described byy(t), then ½(t) = ½o + 2ky(t), where ½o is the phase difference measured when y(t) = 0 and k = 2rr/A (/[ = 632.8 nm). With ½(t) = ½o + 2kYsin(or t) , (Fig. 2) .
II. PRINCIPLE OF NUMERICAL SIMULATION
The use of a finite element method in structural analysis started in the 1950s but its application to simulate the state of piezoelectric structure vibrations is more recent. Roughly, 
• [ Equation (4) shows that, in in the frequency domain, the photodiode output will display three peaks: the carrier at co. and two sidebands separated from the carrier by -t-(or (Fig. 1 ) .
The photodiode was purchased from EG&G ( 1-ns rise time). The signal passes through a controlled voltage amplifier system (low noise and bandwidth --400 MHz) and the output is fixed at a preset level ( 10 dB re: 1 roW) and sent to vector space of test functions or, in a smaller manner, by means of a variational formulation. The convergence of the method is achieved for elliptic problems 9 and for some classes of parabolic problems. me In other cases, the convergence must be studied case by case. Consequently, it is not always possible to limit the error of approximation. The coefficient matrix of associated linear algebraic problems is generally a band or triangular matrix of large dimensions. This permits the use of iterative resolution of methods such as the methods of Gauss, Gauss-Seidel, or Cholesky. (the other one is grounded), and q is the electrical charge of the nongrounded electrode. The internal attenuation in the piezoelectric material is assumed to be isotropic and frequency independent, and we consider that the structural friction force is proportional to and in quadrature with the elastic force. Thus we may define a coefficient g such that the matrix expression of the structural friction force is given by 
Note that g-• represents the mechanical factor Q., of the piezoelectric material (see the Appendix). By means of modal analysis, the mechanical displacement response of the system to a harmonic electrical potential excitation is given by the expansion on the pure modes 0.4 nm and is obtained at the third-width position. The maximum displacement amplitude value is 10 nm and is obtained at the middle-width position. The average displacement amplitude is about 3.79 nm. The evolution of these displacement profiles along the L(Z) axis has also been investigated. Figure 8 shows this evolution for PXE-5. Note that the displacement profile is nearly constant along the length. For C-24, the profile strongly depends on L (Fig. 9) 
Simulation of mechanical deformation
As stated above, because ofthe symmetry assumption of symmetry about the median plane of the samples, only a positive quadrant was used in both simulation and graphic representation. Table II gives Fig. 8 ).
serial components of piezoelectric materials. In fact, in these measurements some of the constants like C•3 are obtained by using a combination of experimental results that are rarely determined with an accuracy better than 5%.
In 
